in those left in 0.06 %D water showed only a slight diminution 21 . Lockemann and Leunig studied the effect of heavy water with ≤0.54% D upon Escherichia coli and Pseudomonasa eruginosa. Concentrations of as low as 0.04% D were found to favour survival at adverse conditions 25 .
Not all groups have confirmed the effect of diluted heavy water. Macht and Davis reported no difference between the growth in ordinary water and that with 0.06% D 26 . In fact, their data did imply a 10% faster growth, but the result was not statistically significant due to a large experimental uncertainty. Curry et al. repeated the experiments by Barnes and others but could not confirm the previously reported effects of dilute heavy water 27 . In general, early reports on the effects of diluted heavy water can be criticized for insufficient statistics and the small number of concentration points (often just two) used in the studies.
In 1970s, Lobyshev et al. have realized the deficiencies of previous efforts and studied the effects of low deuterium concentrations on biological and biochemical systems with much greater rigor. They found that the Na,K-ATPase activity increases at low deuterium concentrations, reaching maximum (+50% compared to normal water) at 0.04-0.05% D 14, 15 .
They also studied regeneration of hydroid polyps Obelia geniculata in a wide range of D 2 O added to sea water. They found strong inhibition at high deuterium concentrations, as well as activation of regeneration by small (≤0.1%) deuterium concentrations 28 .
In 1990s, Somlyai et al. have also shown that 0.06% deuterium in tissue culture activated the growth of L 929 fibroblast cell lines 29 . In contrast, water with deuterium depleted below the normal levels suppressed fast-growing cells [29] [30] [31] . 18 O was purchase from Sigma-Aldrich (Schnelldorf, Germany). Select agar was purchased from Invigen (Paisley, UK). Distilled water was prepared with a Milli-Q device from Millipore (Billerica, MA, USA).
Chemicals and materials
Vacuum filtration system with 0.2 µm polyethersulfone (PES) membrane for bacteria media sterilization was purchased from VWR (Stockholm, Sweden). Petri dishes (90 x 15 mm), inoculating loops and corning sterile culture tubes (16 x 125 mm) were purchased SigmaAldrich. Sterile plastic conical tubes (50 mL and 15 mL) for sample preparation were purchased from Sarstedt (Nümbrecht, Germany). The BioScreen C automatic fermentor was obtained from Oy Growth Curves AB Ltd (Helsinki, Finland).
Sample preparation
(1) To grow E. coli at different content of 15 N. Sample preparation workflow is shown in Figure S5 . In each experiment, three stock solutions were used. Stock A for preparing sample S A , and stock B for preparing sample S B were obtained by mixing M9 minimal media with normal isotopic condition (0.37% of 15 N) and 15 N enriched M9 minimal media (99.16% of 15 N) at certain ratio (Table 1) was diluted in 45 mL M9 minimal media of normal isotopic composition (0.37% 15 N) prepare diluted E. coli culture for robot sample preparation. First, 300 µL M9 minimal media without bacteria were introduced into each of the border wells on both plates A and B to serve as blanks (no color code in Figure S6 33 ). Second, 30 µL (151 µL for 50% of 15 N) aliquot of stock A was dispensed into each "sample" well on plate P A (marked with purple in Figure S6 ) to prepare 32 replicates of sample S A . Third, 30 µL (151 µL for 50% of 15 N) aliquot of stock B was dispensed to each "sample" well on plate P B (marked with blue in Figure S6 ), resulting in 32 replicates of sample B. Fourth, 30 µL (151 µL for 50% of 15 N) aliquot of stock solution of standards (0.37% 15 N) was added into each "standard" well on plate P A and P B (marked with yellow in Figure S6 ) to prepare 32 reference standards on each plate. Finally, 270 µL (149 µL for 50% of 15 N) of the diluted E. coli culture was dispensed into each well except blank wells.
M9 minimal media preparation
In total, 32 replicates pairs of "sample" and "standard" wells were prepared on each plate. C, 1% 12 C) in 400.0 g carbon-free M9 minimal media solution,
followed by filtering with a 500 mL vacuum filtration system through a 0.2 µm PES membrane.
Preparation of E. coli sample on honeycomb well plate
Sample preparation workflow is shown in Figure S5 . In each experiment, three stock solutions were used. Stock A for preparing sample S A , and stock B for preparing sample S B were obtained by mixing M9 minimal media at normal isotopic condition (1.1% of 13 C) with 13 C depleted minimal media (0.1% 13 C) or 13 C enriched M9 minimal media (99% of 13 C) at certain ratio (Table 2 and Table 3 ). M9 minimal media at normal isotopic condition (1.1% of 13 C) were used to prepare stock solution of standard A and standard B. The final solutions were dispensed into the honeycomb well plates using the Tecan robot or pipettes.
To test E. coli growth at 0.1-1.1% 13 C, stock solutions were prepared according to Table 2 .
A 40 µL aliquot of the incubated E. coli culture (O.D. ≈ 0.2) was diluted in 10 mL M9 minimal media (normal) to prepare diluted E. coli culture. To minimize the cost of 13 C depleted media, pipettes were used for part of the sample preparation here. First, 400 µL M9 minimal media without bacteria were introduced into each of the border wells on both plates
A and B to serve as blanks (no color code in Figure S6 ). Second, 360 µL aliquot of stock A was dispensed manually by pipette into each "sample" well on plate P A (marked with purple in Figure S6 ) to prepare 32 replicates of sample S A . Third, 360 µL aliquot of stock B was dispensed to each "sample" well on plate P B (marked with blue in Figure S6 ), resulting in 32
replicates of sample B. For the next step, 360 µL aliquot of stock solution of standards (1.1% 13 C) was added into each "standard" well on plate P A and P B (marked with yellow in Figure   S6 ) to prepare 32 reference standards on each plate. Finally, 40 µL of the diluted E. coli culture was dispensed into each well except blank wells with robot. In total, 32 replicates pairs of "sample" and "standard" wells were prepared on each plate.
To test E. coli growth at 3-13% 13 C, stock solutions were prepared according to Table 3 . A 20 µL aliquot of the incubated E. coli culture (O.D. ≈ 0.2) was diluted in 45 mL M9 minimal media (normal) to prepare diluted E. coli culture for robot sample preparation. First, 300 µL M9 minimal media without bacteria were introduced into each of the border wells on both plates A and B to serve as blanks (no color code in Figure S6 ). Second, 40 µL aliquot of stock A was dispensed into each "sample" well on plate P A (marked with purple in Figure S6 ) to prepare 32 replicates of sample S A . Third, 40 µL aliquot of stock B was dispensed to each "sample" well on plate P B (marked with blue in Figure S6 ), resulting in 32 replicates of sample B. For the next step, 40 µL aliquot of stock solution of standards (1.1% 13 C) was added into each "standard" well on plate P A and P B (marked with yellow in Figure S6 ) to prepare 32 reference standards on each plate. Finally, 260 µL of the diluted E. coli culture was dispensed into each well except blank wells. In total, 32 replicates pairs of "sample" and "standard" wells were prepared on each plate. µL M9 minimal media without bacteria were introduced with robot into each of the border wells ("edge cells") on both plates P A and P B (72 wells in total) to serve as blank samples (no color code in Figure S6 ) with robot. Second, 100 µL aliquot of stock A was dispensed into each "sample" well (marked with purple on plate P A in Figure S6 ) to prepare 32 replicates of sample S A manually by pipette. Third, 100 aliquot of stock solution of standard A was added manually by pipette into each "standard" well (marked with yellow on plate P A in Figure S6) to prepare 32 reference standards on plate. In the same way, wells were filled on plate P B .
Finally, 200 µL of the diluted E. coli culture was dispensed into each well except blank wells with robot. In total, 32 replicate pairs of "sample" and "standard" wells were prepared on each plate. 
M9 minimal media preparation
Carbon and nitrogen free M9 minimal media (without carbon source and nitrogen source)
were prepared by mixing the following components: 800 mL Milli-Q water, 200 mL M9 concentrated salts stock solution, 2 mL of 1 M MgSO 4 solution, and 0. Figure S6 ) with Robot. Second, 100 µL aliquot of stock A was dispensed into each "sample" well (marked with purple on plate P A in Figure S6 ) to prepare 32 replicates of sample S A manually by pipette. Third, 100 aliquot of stock solution of standards was added manually by pipette into each "standard" well (marked with yellow on plate P A in Figure S6) to prepare 32 reference standards on plate. Finally, 200 µL of the diluted E. coli culture was dispensed into each well except blank wells with the robot. In total, 32 replicate pairs of "sample" and "standard" wells were prepared on the plate.
E. coli growth measurements
After sample preparation on the honeycomb well plate, E. coli concentration in each well was continuously monitored by measuring turbidity (with wide band filter 420-580 nm) using Bioscreen C instrument with continuous shaking at 39 o C. Turbidity was sampled every six minutes and was monitored for ca. 22 hours to obtain a raw growth curve.
Data analysis
Data analysis 33 was performed with Excel software as described in reference 33.
Using Microsoft Excel, the logarithm of turbidity was plotted against time. The slope for every 8-h interval was calculated, and the maximum value was determined. The extrapolation of the line with maximum slope to the background level of turbidity gave the lag time. The maximum turbidity for each replicate was taken as the maximum density. The obtained three values for each growth curve were treated in the same way as below.
For each "sample" A, the obtained value was normalized by that of the "standard" B.
To minimize the influence of nonstatistical outliers that could arise due to gross errors in sample preparation and handling (e.g. differences in the geometry of the honeycomb wells, position-dependent sensitivity of the BioScreen C detector, etc.), the 32 replicates were divided into 4 groups according to their positions on the honeycomb well plate (group 1: columns 1 and 2; …, group 4: columns 7 and 8). In each group, the median of the eight values was calculated and then the four medians were averaged to obtain the value for a given plate and its standard deviation.
Altogether, seven independent 32-replicate experiments were performed for each 15 N content point for the experiment to test E. coli growth at 0.37-10% 15 N; seven independent 32-replicate experiments were performed for each 15 N content point for the experiment to test E. coli growth at 2.0-4.1% 15 N; seven independent 32-replicate experiments were performed for each 13 C content point for the experiment to test E. coli growth at 0.1-1.1% 13 C; five independent 32-replicate experiments were performed for each 13 C content point for the experiment to test E. coli growth at 3-13%
13
C and three independent experiments were performed to test E. coli growth at the super resonance condition ( 13 C = 9.54%; 15 N = 10.89%;
18 O = 6.6%). The final result was obtained when the average of 7x4 = 28 (take experiment of testing E. coli growth at 0.37-10% 15 N as example) median values, and the corresponding standard error, were calculated. The p-values for non-terrestrial compositions were calculated using two-tailed, paired Student's t-test against the terrestrial composition (standard). Figure S1 . Growth parameters of E. coli at 50% of 15 N in M9 minimal media, compared to normal isotopic conditions. 
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